Mechanism of crystal growth is an object to understand and control crystal size and quality. Ribonuclease A (RNaseA) is known to crystallize in the trigonal form using 3 M NaCl and 30% (NH4)2SO4 as precipitants. Crystal growth of trigonal RNaseA was investigated. Solubility curves were determined at 10, 20, and 35 . It was found that solubility decreases at higher temperature. Negative correlation between solubility and temperature is known for hydrophobic proteins. However, RNaseA is not hydrophobic protein, and high concentration of the precipitants attributes temperature dependence of solubility curve. Crystal morphology changed from a hexagonal bipyramidal surrounded by {1 0 0} and {1 0 1} to a truncated cube surrounded by {1 0 1} with increment of concentrations of the precipitants (Fig. 1) . The salt effect on crystal morphology and surface microtopograph will be discussed based on the intermolecular interactions. Besides impurity e ff e c t w i l l b e d i s c u s s e d , Preventing protein aggregation is necessary for the formation of single crystals under aggregation-prone solution conditions. Recently, we showed that the addition of a certain amino acid and amino acid derivative expanded the range of precipitant concentration in which crystals formed without aggregation. In order to reveal the mechanism of promotion of protein crystallization in the presence of them, we evaluate t h e a g g r e g a t e f o r m a t i o n a n d the solubility of HEWL under the c r y s t a l l i z a t i o n c o n d i t i o n s . T h e f o r m a t i o n o f a g g r e g a t i o n w a s m e a s u r e d as turbidity by a s p e c t r o m e t e r and the solubility of proteins was measured by a Michelson interferometer. The results showed that these additives decreased the formation of protein aggregation during the crystallization and crystals appeared even from high concentration condition that crystal was not appeared in the absence of them (Fig) . In addition, these additives also decrease the solubility of HEWL. Therefore, these additives expand the crystallization conditions for both lower and higher concentration of precipitant. High quality single crystals are difficult to obtain. Preventing protein aggregation is necessary for the formation of single crystals under aggregation-prone solution conditions. Recently, amino acids and amino acid derivatives, which are non-denaturating reagents, such as arginine and glycine ethyl ester are the most widely used additives for increasing refolding yields by decreasing aggregation. In this study, we investigated the effect of amino acids and amino acids derivatives on protein crystallization. As a result, protein crystals were obtained in expanded concentration range of the known precipitant in the presence of some kind of these reagents. Especially, crystals were obtained from several conditions containing precipitants that crystal did not appear in the absence of these reagents. For example, in the presence of arginine and glycine ethyl ester, HEWL crystals were obtained from a m m o n i u m sulfate solution. These results s h o w t h a t these reagents a r e v e r y e f f e c t i v e f o r crystallization and suggest a n e w s t r a t e g y to improve the p e r f o r m a n c e of the protein crystallization.
Preventing protein aggregation is necessary for the formation of single crystals under aggregation-prone solution conditions. Recently, we showed that the addition of a certain amino acid and amino acid derivative expanded the range of precipitant concentration in which crystals formed without aggregation. In order to reveal the mechanism of promotion of protein crystallization in the presence of them, we evaluate t h e a g g r e g a t e f o r m a t i o n a n d the solubility of HEWL under the c r y s t a l l i z a t i o n c o n d i t i o n s . T h e f o r m a t i o n o f a g g r e g a t i o n w a s m e a s u r e d as turbidity by a s p e c t r o m e t e r and the solubility of proteins was measured by a Michelson interferometer. The results showed that these additives decreased the formation of protein aggregation during the crystallization and crystals appeared even from high concentration condition that crystal was not appeared in the absence of them (Fig) . In addition, these additives also decrease the solubility of HEWL. Therefore, these additives expand the crystallization conditions for both lower and higher concentration of precipitant. High quality single crystals are difficult to obtain. Preventing protein aggregation is necessary for the formation of single crystals under aggregation-prone solution conditions. Recently, amino acids and amino acid derivatives, which are non-denaturating reagents, such as arginine and glycine ethyl ester are the most widely used additives for increasing refolding yields by decreasing aggregation. In this study, we investigated the effect of amino acids and amino acids derivatives on protein crystallization. As a result, protein crystals were obtained in expanded concentration range of the known precipitant in the presence of some kind of these reagents. Especially, crystals were obtained from several conditions containing precipitants that crystal did not appear in the absence of these reagents. For example, in the presence of arginine and glycine ethyl ester, HEWL crystals were obtained from a m m o n i u m sulfate solution. These results s h o w t h a t these reagents a r e v e r y e f f e c t i v e f o r crystallization and suggest a n e w s t r a t e g y to improve the p e r f o r m a n c e of the protein crystallization. To utilize a microgravity environment effectively, we modelled the benefit of microgravity indexed by a diffusion coefficient and a kinetic coefficient during a protein crystal growth. The concentration of a protein around a surface of a crystal can be estimated by the balance of the protein molecule diffusion toward the crystal and the protein molecule uptake into the crystal. The rate of the diffusion of the protein molecule can be represented by the diffusion coefficient of the protein molecules (D), and the rate of a protein molecule uptake into the crystal can be represented by the kinetic coefficient for a protein trapping into the crystal (beta). The decrease of a supersaturation level on the surface of the growing crystal, which induces the concentration depletion zone formation, can be indexed by D/beta. The smaller D/beta is, the greater the depletion zone around the crystal forms. Therefore, learning D/beta before the crystallization experiment is the efficient way to perform crystallization experiment in microgravity. 'D' can be decreased by using viscous reagent, such as PEG, in the crystallization solution. This was consistent with the results that a high viscous crystallization solution was found to be effective for obtaining high-quality crystals in microgravity in the Japan Aerospace Exploration Agency (JAXA)-GCF project. The purification of the protein sample can increase 'beta'. We will show the effect of microgravity on crystal growth of several proteins using the value D/beta. We thank ESA and Professor Garcia-Ruiz and the members of his laboratory in CSIC-University of Granada for the usage of GCF and their helpful advices, and the Federal Space Agency and RSC Energia for the usage of the Russian Service Module.
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